The standard method for basing nuclear
ABSTRACT
The standard method for basing nuclear physics on elementary particle physics is to first derive a "potential" and then use this interaction in the nonrelativistic Schroedinger equation for the nucleonic degrees of freedom.
Unfortunately there has never been a consensus as to how to perform the first step. Currently we have dispersion-theoretic models and one-boson-exchange models which contain much the same physics, but which differ in detail; more "modern" approaches start from quark bags, but again there is no consensus as to whether the bag should be large or small. In this paper we offer an alternative approach in which the mesonic and nucleonic degrees of freedom are put on the same footing.
The basic relativistic three particle Faddeev equations for separable two particle amplitudes were given long ago by Lovelace, and more recently by Brayshaw. Lindesay has shown that if we specialize the input to a two particle amplitude containing only the term generated by two particles mi, m. forming a bound state of mass uijs:attering length model a relativistic generalization of the -that the resulting integral equations can be easily solved numerically and give unitary and covariant results. In particular they reproduce the logarithmic accumulation of nonrelativistic three particle bound states predicted by Efimov when the scattering length goes to infinity.
If this model is still further specialized by assuming the system to consist of two scalar particles of mass ml and m2 and a meson of mass P with no scattering between the particles and bound state of mass uiC E mi physically indistinguishable from the particles which never come apart (i.e., there is no mi+mg scattering for physical momenta) except at short distance, one can calculate a fully covariant and unitary off-shell amplitude for the scattering of ml and m2 caused by repeated exchanges of "s* At this point we could simply use the amplitude so generated in a three nucleon Faddeev equation, or use it to compute a "potential" from the Low equation.
We think a more interesting alternative is to write down and solve the Faddeev-Yakubovsky four particle equations -which have been derived for this type of "zero range" theory -for a system containing m1m2m3 and mQ. Then our restrictions reduce the 12 (3,l) configurations to six amplitudes and eliminate the (2,2) configurations entirely. Thus the difference of including the mesonic degree of freedom is that there are six rather than three amplitudes and that the equations have internally a four particle rather than a three particle propagator. Explicit equations will be given. in a Hamiltonian theory without ambiguity, but need not take that limit; our theory is both covariant and unitary at any energy.
The covariant three particle model explored by Lindesay3 is extremely simple. We simply take the invariant two particle amplitudes in the space 
In this model we see that the entire dynamics is specified by the "bound state mass" 1-1 ab where the two particle amplitude has an "s-channel pole."
Since sab is the invariant four momentum squared of the ab pair, the requirement that the two particle scattering be unaffected by the "spectator" mc in our basic description (the "cluster property") tells us that in coordinate system where 2 s ab = qab +u:b (the ab zero momentum system), ab the momentum of the spectator kc ranges from zero to infinity.
Making a Lorentz transformation of these limits to the three particle zero momentum system, we find that kc lies between zero and (M2-mE)/2M. We emphasize this point since it is not always understood that the asymptotic variables in a relativistic three particle problem are bounded once PI is fixed, and hence in a separable model lead to finite integral equations.
Given 
We see immediately that these are covariant coupled channel equations of But of course we need not take this limit. The T12
we have obtained is a fully covariant off shell two particle amplitude which can be used, for example, in covariant three particle Faddeev equations, or their nonrelativistic limit.
We believe the above suggested use of the amplitude we have obtained is a better way to do nuclear physics that using a "potential" for the n,n,p system, but Since j fi, the inclusion symbol of the Faddeev-Yakubovsky hierarchy"
can in-our case simply be replaced by a 3 ij' and our four particle amplitudes with i,j,k,R,m E 1,2,3 satisfy the six coupled equations 
In contrast, if we do not include the mesonic degree of freedom in the internal dynamics, we will have only three coupled equations for the three Faddeev components (3) Fi(ki,gi;M) given by the three coupled equations 
